Background: A significant discovery was recently made in which participation in physical activity and sedentary behavior, two contrasting lifestyles, was found to be related to the frequency of hyperuricemia diagnosis. The purpose of this study was to identify the association between sedentary behavior and physical activity levels in South Korean men and women diagnosed with hyperuricemia. Methods: This study included 161,064 healthy men and women participants who had obtained a complete health examination. Physical activity levels and sitting time were assessed by the validated International Physical Activity Questionnaire Short Form Korean version. The presence of hyperuricemia in the subjects was determined by measuring serum uric acid (SUA) concentration (SUA ≥6 mg/dL [male], SUA ≥7 mg/dL [female]). Logistic regression analysis, adjusting other confounding factors, was conducted to identify the association of sedentary behavior and physical activity levels with hyperuricemia (p<0.05). Results: Subjects who spent ≥10 hr/day in sedentary behavior were more likely to have hyperuricemia than those who spent <5 hour/day in sedentary behavior (OR=1.08, 95% CI=1.03-1.12). The subject group that more frequently participated in health enhanced physical activity (HEPA) had a lower hyperuricemia odds ratio than the subject group with lower physical activity participation rate (OR=0.90, 95% Ci=0.86-0.93). From the analysis of sex (male, female), age (young, middle, older), methods of measuring obesity (body mass index, waist circumference, body fat percentage), the association of sedentary behavior and physical activity levels with hyperuricemia was shown differently in different multivariable models. Conclusion: Participation in regular physical activity and reduced sedentary time is highly recommended in order to reduce the prevalence of hyperuricemia.
Introduction
Hyperuricemia is known as a condition that leads to oxidative stress which can lead to other illnesses such as gout and cardiovascular disease. 1 According to the and rapid aging. 7 In particular, cardiovascular disease is of national interest due to the fact that it is related to metabolic syndromes. 8 In previous studies, it has been shown that the general population spends most of their awake time in sedentary behavior. 9 As a result, 9.4% of the world population death rate is due to increased sedentary lifestyles. Thus, not only is a lack of physical activity considered to be an issue but also awareness and solution of time spent in sedentary behavior is deemed necessary. 10 In the past, sedentary behavior was included under the term "lack of physical activity." However, these are now considered to be two independent issues, and therefore, further research on sedentary lifestyles is recommended. 11 Although lack of physical activity and sedentary behavior are being emphasized as the causes of multiple metabolic diseases in modern society, overall there are very few studies on hyperuricemia and physical activity and hardly any regarding sedentary lifestyles. Although in previous studies, the difference in prevalence rates of hyperuricemia due to the different lifestyles of people according to gender 12 and age 13 was reported, there is a lack of studies on hyperuricemia prevalence according to sedentary behavior and physical activity by gender and age. Further, different methods of measuring obesity, which is a major cause of hyperuricemia, such as body mass index, (BMI, kg/m 2 ), a waist measurement of central obesity, and bioelectrical impedance, each have distinct qualities. Therefore, independent studies should be performed on the relationship between obesity and hyperuricemia for each obesity indicator. 14 In this study, we observed the effect of physical activity and sedentary behavior on hyperuricemia for different gender, age groups, and obesity indicators for measuring obesity.
Method
This study included a population of 300,984 men and women who were asked to complete a physical activity questionnaire and underwent a comprehensive health examination between June 2012 and August 2014. We excluded 142,271 participants from the total for the following reasons: missing data, a past history of malignant diabetes, cardiovascular disease, and cancer. A total of 158,713 participants were eligible for this study. The Institutional Review Board of Kangbuk Samsung Hospital approved this study, and since de-identified retrospective data (which was routinely collected during the health screening process) was used, the requirement for informed consent was waived. Data on demographic characteristics, smoking status (never, past, current, or unknown), alcohol consumption (0, <10, 10 g/day, or unknown), education levels (high school graduate, none), medical history, and medication intake were collected by a standardized selfquestionnaire. 15 Self-administered questionnaires, as previously described, assessed physical activity levels and sitting time by the validated Korean version of the International Physical Activity Questionnaire Short Form (IPAQ-SF). 16 Categories of physical activity level are derived from the following criteria: inactive (meeting neither minimally active nor health enhanced physical activity [HEPA]), minimally active (meeting any of the following three criteria: (i) three or more days of vigorous intensity activity for 20 min/day; (ii) five days or more of activity of moderate intensity or walking 30 min/day; or (iii) five days or more of any combination of walking, moderate, or vigorous intensity activities achieving 600MET min/week), and HEPA (which meets either of two criteria: (i) vigorous intensity activity on three or more days per week to accumulate to 1500 MET min/week; or (ii) seven days of any combination of walking, moderate, or vigorous intensity activities reaching at least 3000 MET min/week). 16 The total sitting time accumulated during the weekdays was measured by time spent sitting in various domains (ie, leisure, work, and recreation). This study categorized sitting time by the following groups using cut-offs as described in previous studies: <5 h per day, 5-9 h per day, and >10 h/day. 16 Usual dietary intake was assessed using a designed and validated Korean version of a 103-item, a self-administered food frequency questionnaire (FFQ). Total calorie intake was assessed by the Korean Nutrition Society Can pro 4.0 standardized food composition database.
Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI) 17 Hyperuricemia was defined as having a serum uric acid concentration of ≥6.0 mg/dL (men) and ≥7.0 mg/dL (women). 20 Blood pressure was assessed by an automated oscillometric device (53000, Welch Allyn, New York, USA) in which subjects placed their arm at heart level while in a seated position.
In 2017, we analyzed data using STATA 13.1(STATA corp., College Station, TX, USA). We used logistic regression with robust variance to evaluate the association of hyperuricemia with sitting time and physical activity as well as to estimate odds ratios (OR) with 95% confidence intervals (CIs) for hyperuricemia. To progressively reduce confounding associations, we used a multivariable model which included both sitting time and physical activity as well as age, sleep duration, smoking, alcohol intake, history of hypertension, BMI, total protein, total energy intake, education level, and HOMA-IR.
Additionally, we tested the association between sitting time and physical activity with the risk of hyperuricemia by BMI, waist circumference, and percent fat mass (%). We included these variables in the multivariable models. Several categories were used as continuous variables and were tested on each multivariable model. All p-values were two-tailed, and values of p<0.05 were considered statistically significant.
Result
Characteristics of the participants are presented in Table 1 . Those with a sitting time of ≥10 h were more likely to be male young adults and have a high BMI, low current smoking rate, high rate of high education level, high HOMA-IR, high waist circumference, high alcohol consumption, low percent body fat, low sleep duration, low rate of hypertension, high calorie intake, and high protein intake compared to those with a sitting time of <5 h/day.
Participants who participated in HEPA were more likely to be older male adults (≥40 years) and have high BMI, low current smoking rate, high waist circumference, high alcohol consumption, low percent body fat, low sleep duration, low HOMA-IR, low rate of high education level, high rate of hypertension, high calorie intake, and high protein intake in comparison to those who were physically inactive. Table 2 shows the impact of sedentary behavior and physical activity participation on hyperuricemia according to gender. In multivariable logistic regression adjusting for potential confounders, including physical activity level, subjects who spent ≥10 h/day in sedentary behavior were more likely to have hyperuricemia than those who spent <5 h/day (OR=1.08, 95% CI=1.03-1.12). Participation in HEPA declined prevalence of hyperuricemia compared to the minimally active group (OR=0.90, 95% CI=0.86-0.93). Sitting time of ≥10 h (OR=1.07, 95% CI=1.02-1.11) and HEPA (OR=0.90, 95% CI=0.86-0.93) were associated with hyperuricemia in men, but not in women (≥10 h/day sitting time OR=1.31, 95% CI=0.98-1.72; HEPA OR=1.04, 95% CI=0.77-1.41). Table 3 shows the impact of sedentary behavior and physical activity participation on hyperuricemia according to age. The young adult group (age 18-39 years), who spent 5-9 h/day and ≥10 h/day in sedentary behavior, showed an increase in hyperuricemia OR, compared to those who spent <5 h/day in sedentary behavior (5-9 h/ day OR=1.09, 95% CI=1.03-1.15; ≥10 h/day OR=1.11, 95% CI=1.04-1.17), and participation in HEPA declined hyperuricemia compared to the minimally active group (OR=0.92, 95% CI=0.87-0.97). The middle age group participants (age 40-64 years) who participated in HEPA (OR=0.88, 95% CI=0.83-0.94), showed association with the hyperuricemia OR. However, the hyperuricemia OR in the elderly group (age ≥65 years) was only associated with HEPA participation (OR=0.69, 95% CI=0.50-0.96). Table 4 shows the impact of sedentary behavior and physical activity participation on hyperuricemia according to the obesity index. Model 1, in which the body mass index was taken into account, shows that when sitting time is 5-9 h/day and ≥10 h/day, the hyperuricemia OR relationship is increased by 4% (95% CI=1.00-1.08) and 8% (95% CI=1.03-1.12), respectively, compared to that when sitting time is <5 h/day. Model 2, in which waist circumference measurements were taken into account, shows that when sitting time is ≥10 h/day, the hyperuricemia OR increased by 6% (95% CI=1.02-1.11) compared to that when sitting time is <5 h/day. However, similar results did not appear in the model in which body fat percentage was taken into account. The hyperuricemia OR in model 1 that was calibrated according to the body mass index showed association only with the participants' HEPA participation (OR=0.90, 95% CI=0.86-0.93).
Discussion
In this study, the following results were obtained regarding the relationship between physical activity and sedentary behavior individually with hyperuricemia. Increased sitting time can increase the OR relationship of hyperuricemia. For males, in particular, it has been shown that an increase in physical activity participation is an individual factor that can decrease the OR for hyperuricemia. According to different age ranges, the hyperuricemia OR increased for those between 18-39 years of age with >5 h of sitting time. For all age group ranges, the hyperuricemia OR decreased when higher levels of physical activity were met.
Further, this study showed that regular participation in physical activity and a decrease in sedentary time is related to decreasing the odds rate for hyperuricemia by obesity mediation.
Recent studies have reported that the increase in serum uric acid levels can be affected by not only higher alcohol intake rates, high-calorie diets, decreased physical activity, and increased sedentary behavior, but also biological processes of humans through genetic diversity as explained by the Mendelian randomization studies. 21 According to one study, the genes associated with uric acid reabsorption in the kidneys are SLC2A9 and ABCG2, showing a 0.373 mg/dL and 0.217 mg/dL increase in uric acid, respectively. 22 The increase in serum uric acid levels is determined by the interaction with environmental factors such as genetic factors and lifestyle habits.
21
Management of lifestyle habits is important for the management of hyperuricemia. Physical inactivity is thought to be a strong individual factor of all types of death in people with cardiovascular disease. 23 Several previous studies have shown that according to the amount of physical activity, there is a positive impact on energy expenditure increase as well as weight loss, regardless of other factors that cause obesity. 7 Additionally, according to research that shows getting plenty of physical activity can prevent weight gain, physical activity is shown to play a key factor in obesity prevention. 24 A study report in which, regardless of physical activity, adults with >10 h of sitting time versus adults with <1 h of sitting time have a 34% higher chance of mortality. Therefore, it strengthens the notion that sitting time is an independent factor impacting the health index, apart from physical activity. 25 Moreover, according to recent studies, when the daily average sitting time is exceeded, positive health outcomes provided by regular exercise disappear and can cause the chances of chronic illness to increase. 26 Thus, whether physical activity and sitting time are independent causes of illness is still under debate.
A meta-analysis of the association between physical activity and hyperuricemia has shown that the risk of elevated uric acid levels is reduced by 12% in low and moderate intensity physical activity and reduced by 29% in high-intensity physical activity participation. 27 Although it has been confirmed in this study that sedentary behavior and physical activity are independent causes of hyperuricemia, the exact mechanism of this is unclear. However, according to previous studies, physical activity, sedentary behavior, and hyperuricemia are thought to have a relationship with insulin resistance and obesity.
Previous studies have shown that an increase in blood insulin levels promotes sodium reabsorption in the renal tubule, which decreases uric acid clearance in the tubule and increases uric acid levels in the blood. 28 Because the pentose phosphate pathway (which is associated with fat synthesis) is associated with the activation of xanthine oxidase, which produces uric acid, 29 insulin resistance, and obesity are known to increase serum uric acid production. 24, 25 In relation to this phenomenon, physical activity can cause a decrease in obesity and insulin resistance by the contraction of active muscles due to increase in energy expenditure and glucose usage. 7 Physical activity itself seems to decrease uric acid release as well as the decomposition of purine. 24, 30 Unlike physical activity, a sedentary lifestyle will lead to the deactivation of maintenance muscles due to leaned posture which means that there is lesser energy expenditure than when in standing posture. 31, 32 This suggests that the deactivation of lipoprotein in the muscles as well as the decrease in glucose usage, 31, 32 will cause an increase in insulin resistance. 33, 34 Accordingly, involvement in physical activity and decrease in everyday sitting time leads to an improvement in obesity 35 and insulin resistance 36 due to increase in energy consumption which can decrease the risk of hyperuricemia. Table 2 shows that the physical activity, sitting time, and hyperuricemia OR relationship in men are shown to be related. This may be due to the biological difference between the lifestyle patterns of men and women. Due to renal clearance of uric acid and low uric acid reabsorption in the renal tubule that results from high estrogen levels in women, men who have comparatively low estrogen levels are more prone to develop hyperuricemia. 37 Further, Table 1 of this research shows that compared to women, men have a 10 hr-longer sedentary lifestyle but are more involved in physical activity. Therefore, according to previous research, it can be said that physical activity and sedentary lifestyle are independent causes that lead to disease. Gender-based differences in physical activity participation and sitting time can cause the difference in disease diagnosis rates. 38 In conclusion, high obesity index as well as low estrogen levels in men, biological proneness of uric acid buildup in the blood, longer sitting time, and more active lifestyles have a greater and clearer relationship between physical activity and sedentary lifestyles with hyperuricemia in men than in women.
39 Table 3 shows that unlike adults under the age of 65, elders above the age of 65 showed a decrease in the hyperuricemia OR for participation in physical activity. This means that an increase in protein synthesis rate due to participation in high-quality physical activity is more likely to decrease the hyperuricemia OR than protein decomposition rate due to aging. According to previous studies, regular participation in physical activity can help increase muscle mass and contraction protein synthesis ratio, 40 as well as decrease all-cause mortality and disease rate due to aging. 41 Therefore, an increase in physical activity participation, apart from sitting time in adults over the age of 65, will slow down the rapid aging of cells. The level of nucleic acid, which is a decomposition product of cells, decreases causing uric acid composition in the blood to decrease, thereby, lowering the risk of hyperuricemia. 42, 43 In Table 4 , the relationship between all kinds of activity (sitting time and physical activity participation) and the hyperuricemia OR relationship could not be found in the body fat percentage model, unlike other models. In previous studies, increased leptin levels in the blood due to continuous body fat buildup caused uric acid concentration to increase. 44 Additionally, other research has shown that increased sedentary time and decreased physical activity causes a restriction in muscle usage and thus decreased energy expenditure increases body fat. This shows that obesity is related to physical activity, sedentary lifestyles, and hyperuricemia. 32 The most common forms of obesity measurement are BMI using height and weight, measuring waist circumference for abdominal obesity, and the impedance technique. These obesity measurement techniques show different characteristics for different diseases of which, [45] [46] [47] according to previous research on the relationship between obesity and uric acid concentrations, BMI and waist circumference measurements did not show any relationship to uric acid concentrations although it showed relationship to body fat percentage. 44 In conclusion, increased sedentary behavior and decreased physical activity can cause a decrease in energy consumption due to restricted muscle movement which can cause an increase in body fat percentage. 32 Therefore, increased body fat percentage due to increased sedentary behavior and decreased participation in physical activity can cause a higher risk of hyperuricemia. This study contains several limitations. First, because we assessed hyperuricemia with only one measurement of serum uric acid, it was not possible to confirm that the state of oxidation-induced hyperuricemia persisted for a long time. However, this study is a cross-sectional study using large-scale cohort data, and it confirms the relationship between hyperuricemia, physical activity, and sedentary time. Further studies should be done to investigate the relationship between hyperuricemia and physical activity by periodically measuring serum uric acid levels every 3 months. Second, measurement of participation in physical activity was done by a self-assessment questionnaire which can be affected by recall bias. In future studies, a more objective method of measurement such as an accelerometer should be used. Third, because the questionnaire results for physical activity did not indicate the type of exercise the participants performed (aerobic or resistance exercise), it was not possible to elucidate which type of physical activity had an effect on hyperuricemia. In further studies, the type of physical activity should be specified in the questionnaire. Fourth, the food frequency questionnaire used in this study has problems with recall bias or lack of data. In future studies, it is necessary to study energy intake by doubly-labeled water (a gold standard for energy intake) and use it as a confounding variable that can affect hyperuricemia. Fifth, because this research was a cross-sectional study, it was not possible to find the causal relationship between the independent variable and the intermediate variable. Further, a longitudinal study should be done on this same topic.
Conclusion
Lifestyle changes in modern-day society can cause various diseases which could lead to the risk of death. Although different according to gender and age, physical activity and sitting time are two easily changeable lifestyle patterns that with constant effort, anyone can fix in order to maintain one's health. In conclusion, since increased physical activity as well as decreased sitting time in Korean adults has a relationship with hyperuricemia which causes various complications, to ensure healthy lifestyles, not emphasis must be placed on increasing physical activity and cutting down sitting time 
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